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,Q XSVFDOLQJ FRQYHQWLRQDO VLQJOH URWRUZLQG WXUELQHV LQFUHDVHV LQZHLJKW YROXPH UHODWHG WHQG WR
RXWVWULS EHQHILWV IURP LQFUHDVH LQ HQHUJ\ FDSWXUH DUHD UHODWHG  7KH PXOWLURWRU FRQFHSW WXUQV WKLV
GLVDGYDQWDJHRQLWVKHDGDQGH[SORLWVWKHDUHDWRZHLJKWDGYDQWDJHRIVPDOOURWRUV2WKHUDGYDQWDJHVRI
PXOWLURWRUV LQFOXGH VWDQGDUGL]DWLRQ RI FRPSRQHQWV OHDGLQJ WR FRVW UHGXFWLRQ EHWWHU GLVWULEXWHG DQG









FDSDFLW\ ZKLOVW DYRLGLQJ WKH GLIILFXOW\ LQ PDNLQJ YHU\ ODUJH URWRU EODGHV IURP VWHHO  :LWK WKH
GHYHORSPHQWRIPRGHUQJODVVFRPSRVLWHVYHU\ODUJHURWRUEODGHVEHFDPHIHDVLEOHDQGVRWKHFRQFHSWVRI
PXOWLURWRUV\VWHPVZHUHODUJHO\QHJOHFWHG +RZHYHUDVFXUUHQWJHQHUDWLRQZLQGWXUELQHVDUHXSVFDOHG
LQWR WKH PXOWLPHJDZDWW UDQJH WKH HQHUJ\ EHQHILW IURP LQFUHDVHG URWRU VL]H LV PRUH WKDQ RIIVHW E\
LQFUHDVHV LQPDVVDQGFRVW 7KXV WKHFRQYHQWLRQDOVLQJOH URWRUGHVLJQEHFRPHVXQHFRQRPLFDW OHDVW LQ
WHUPV RI WKH WXUELQH FRVW DORQH DW YHU\ ODUJH VFDOH DQG SXEOLVKHG SULFH GDWD RQZLQG WXUELQH V\VWHPV
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WKHVHFRPSRQHQWV LQDQHTXLYDOHQWVLQJOHURWRUV\VWHPLVTXDQWLILHGDVRI WKHRUGHURI ଵξ௡ZKHUHQ LV WKH
QXPEHURIURWRUVLQWKHPXOWLURWRUV\VWHP7KLVFRVWIRUWKHVSHFLILFURWRUDUUD\WREHGLVFXVVHGZLOO




FDUHIXOO\DQDO\VHG>@HQGRUVHV WKH IXQGDPHQWDOO\FXELF VFDOLQJRIPDMRUFRPSRQHQWV  ,Q WKHRIIVKRUH
FRQWH[W WKHZLQG WXUELQHFDSLWDOFRVW W\SLFDOO\ WRRILQVWDOOHGFRVWRQ ODQGEDVHGZLQG IDUPV
PD\UHGXFHWRWRRILQVWDOOHGFRVWGHSHQGLQJPRVWO\RQZDWHUGHSWKDQGGLVWDQFHIURPVKRUH
7KXVFDSLWDOVDYLQJVLQWKHZLQGWXUELQHFRPSRQHQWVDUHOHVVFRQVHTXHQWLDOEXWWKHPXOWLURWRUV\VWHPDOVR







WKDW LQ XSVFDOLQJ URWRU DQJXODU YHORFLW\ʘPXVW YDU\ LQYHUVHO\ZLWKGLDPHWHU' DQGKHQFHGHFUHDVH
ZLWKLQFUHDVLQJWXUELQHVL]H




VFDOHFXELFDOO\ 7KXVXSVFDOLQJZLWK VLPLODULW\ZLOOZRUN LQSUHVHUYLQJFRQVWDQWVWUHVV 7KLVGRHVQRW
DSSO\ LIZHLJKW UHODWHG ORDGVEHFRPHGHVLJQGULYHUVDVVHOIZHLJKWEHQGLQJ ORDGVZLOO WKHQVFDOHDV WKH
IRXUWKSRZHURIGLDPHWHURUPRUH
7KHUHDUHVRPHVXEWOHHIIHFWVZKLFKSUHYHQWVFDOLQJZLWKVWULFWVLPLODULW\EHLQJIHDVLEOH7KHVHLQFOXGH
D VRFDOOHG³VL]HHIIHFW´ UHODWLQJ WR WKH IUDFWXUHPHFKDQLFV RIPDWHULDOV)RUKRPRJHQRXVPDWHULDOV WKH
ODUJHU WKH VDPSOH VL]H WKH JUHDWHU WKH SUREDELOLW\ RI D FULWLFDO IODZ H[LVWLQJ LQ D JLYHQ VDPSOH 7KLV
LPSOLHV WKDWDWVRPH OHYHORIXSVFDOLQJ LW LVQRWDGHTXDWH WRGHVLJQ IRUFRQVWDQW VWUHVV 7KHDOORZDEOH
VWUHVVPXVWWKHQUHGXFHDVVL]HLQFUHDVHVDQGPDVVPXVWVFDOHPRUHWKDQFXELFDOO\
2WKHU YLRODWLRQV RI VFDOLQJ VLPLODULW\ UHODWH WR IOXLG ERXQGDU\ OD\HUV WKH ERXQGDU\ OD\HU DURXQG WKH
DHURIRLO VHFWLRQV RI WKH EODGH DQG WKH HDUWK¶V ERXQGDU\ OD\HU  ,Q SULQFLSOH DHURG\QDPLF SHUIRUPDQFH




ZLWK KHLJKW DERYH JURXQG :LQG VKHDU GHSHQGV RQ DWPRVSKHULF VWDELOLW\ DQG VXUIDFH URXJKQHVV EHLQJ
JHQHUDOO\OHVVSURQRXQFHGRYHUVHDWKDQRYHUODQG7KHSULPDU\YDOXHRIDZLQGWXUELQHHQHUJ\UHODWHVWR
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VZHSWDUHDSURSRUWLRQDOWRVTXDUHRIGLDPHWHUZKHUHDVFRVWLVUHODWHGWRYROXPHSURSRUWLRQDOWRFXEHRI
GLDPHWHU 7KLV LV VRPHWLPHV UHIHUUHG WR DV WKH VTXDUHFXEH ODZ :LQG VKHDU RQ DFFRXQW RI WKHZLQG
VSHHGDWDJLYHQVLWHLQFUHDVLQJZLWKKHLJKWFDQHIIHFWLYHO\DXJPHQWHQHUJ\FDSWXUHDVPRUHWKDQDVVTXDUH
RIGLDPHWHUPLWLJDWLQJWKHHIIHFWVRIWKHVTXDUH±FXEHODZ+RZHYHULQDFFRXQWLQJQHWEHQHILWVIURPZLQG
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JHQHUDWRU LQSXW VSHHG LV KHOG FRQVWDQWZLWKXSVFDOLQJ DV LV XVXDO LQ FRQYHQWLRQDOZLQG WXUELQHGHVLJQ
WKHQ WKH JHQHUDWRU WRUTXH LV YDU\LQJ DV SRZHU OHDGLQJ WR JHQHUDWRU PDVV DQG FRVW SURSRUWLRQDO WR WKH
VTXDUHRIGLDPHWHU
$ VLPSOHU SLFWXUH LV HYLGHQWZLWK WKHGLUHFW GULYHJHQHUDWRUZKHUH WKHJHQHUDWRU LV WKHZKROHRI WKH
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IRUDURWRUPXOWLURWRUV\VWHPZLOOKDYHDFRHIILFLHQWDURXQGóRIWKHYDOXHRIWKDWIRUDQHTXLYDOHQW
VLQJOHURWRUFXUYH7KXVWKHPXOWLURWRUFRQFHSWGRHVQRWGHIHDWWKHVTXDUHFXEHODZDQGQRV\VWHPWKDW





JURZWK LQ V\VWHP DQG FRPSRQHQW VL]HV XQWLO UHFHQWO\ >@  7KLV PHDQV WKDW VPDOO EODGHV DUH DOPRVW
LQYDULDEO\ROGRQHV
+RZHYHU WKH LQGXVWU\ VWDUWHGZLWK ILEHUJODVV ERDW EXLOGLQJ WHFKQLTXHV EHLQJ HPSOR\HGZKHQ EODGHV
ZHUHPDQXIDFWXUHGXVLQJJODVVZLWK UDQGRPO\RULHQWHG ILEHUV FKRSSHGVWUDQGPDWDQGSRO\HVWHU UHVLQ
DSSOLHGZLWKUROOHUVLQDKDQGOD\XSSURFHVV7KXVWKHROGHVWEODGHGHVLJQVJHQHUDOO\HPSOR\HGGHVLJQV
WKDW ZHUH LQHIILFLHQW LQ XVH RI PDWHULDOV WKDW XVHG UHODWLYHO\ KHDY\ PDWHULDO V\VWHPV DQG XVHG ODERXU
LQWHQVLYHSURFHVVHV :LWKSDVVDJHRIWLPHEODGHPDQXIDFWXUHPHWKRGVKDYHEHFRPHPRUHVRSKLVWLFDWHG
QRZIXOO\DXWRPDWHGSURGXFWLRQKDVEHHQDFKLHYHGE\*DPHVD>@DQGWKHUHLVRQJRLQJGULYHWRUHGXFH
ZHLJKWDQGFRVW LQHYHU ODUJHUEODGHV 7KXV WKH VFDWWHURI UHDO FRPPHUFLDOGDWDDSSHDUV WRFURVVFXELF
FXUYHV GHWHUPLQHG E\ VWXGLHV DW &5(6 >@ WR EH DVVRFLDWHG ZLWK GLIIHUHQW PDWHULDO V\VWHPV DQG
PDQXIDFWXULQJ SURFHVVHV  $Q HPSLULFDO SRZHU ODZ ILW WR WKH FRPPHUFLDO GDWD RI )LJ  ZLOO VXJJHVW D
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$OWKRXJK VRPH VPDOOHU ZLQG WXUELQH GHVLJQV LQ WKH KXQGUHGV RI N: DUH EHLQJ UHYLYHG WKHUH LV D
WHQGHQF\WRXVHROGUHDG\PDGHGHVLJQVZLWKRQO\PLQLPDOXSJUDGLQJVRWKDWWKHIXOOSRWHQWLDOIRUPDVV
DQGFRVW UHGXFWLRQ LQ VPDOOHU VFDOHGHVLJQV LVQRW \HWPXFK UHDOLVHG 7KH VLJQLILFDQFHRI)LJ LV WKDW
XVLQJ WKH ODWHVW WHFKQRORJ\±QRW QHFHVVDULO\ WKH YHU\ OLJKWHVW EXW WKHPRVW FRVW HIIHFWLYHRI WKH UHFHQW




VPDOOEHLQJROGDQG ODUJHEHLQJQHZFRXOG WHQG WR UHGXFH WKHDSSDUHQWH[SRQHQW WKHUH LVDFOHDU OLQHDU
UHODWLRQVKLS EHWZHHQ JHDUER[PDVV DQG UDWHG WRUTXH )LJ  EDVHG RQ FRPPHUFLDO GDWD IURP:LQHUJ\
%RVFK5H[URWK DQG(LFNKRII >@ 5DWHG WRUTXH LV IXQGDPHQWDOO\ DV FXEHRI GLDPHWHU DOWKRXJK D FXELF




)LJ*HDUER[PDVV    )LJ30*WRWDOPDVVUHODWHGWRWRUTXH
7KHUH LV LQVXIILFLHQW SXEOLF GDWD RQ 30* GHVLJQV WR GHWHUPLQH FRUUHVSRQGLQJ FOHDU WUHQGV EXW D
GHWDLOHG 30* GHVLJQ PRGHO RI */ *DUUDG +DVVDQ FRQVLGHULQJ 30* GHVLJQV RYHU D ZLGH UDQJH RI
JHDULQJ IURPGLUHFW GULYH WR KLJK VSHHG LQGLFDWHV )LJ  D QHDU OLQHDU UHODWLRQVKLS EHWZHHQPDVV DQG
WRUTXHDQGWKHUHIRUHDQHVVHQWLDOO\FXELFUHODWLRQVKLSEHWZHHQPDVVDQGZLQGWXUELQHURWRUGLDPHWHU,WLV
ZHOO UHFRJQLVHG WKDWPDVVGRHVQRWGLUHFWO\HTXDWHZLWKFRVW DOWKRXJK WKHFRUUHODWLRQ LVYHU\ VWURQJ IRU




5HFHQW WUHQGV LQRIIVKRUHZLQG WXUELQHGHVLJQDUH WRZDUGV ODUJHU URWRUV LQ UHODWLRQ WR UDWHGSRZHURU
HTXLYDOHQWO\DUHGXFWLRQLQSRZHUGHQVLW\$QLQGXVWU\DYHUDJHRIDURXQG:PUDWHGSRZHUURWRU
VZHSW DUHD LV TXLWH FRQVLVWHQW ZLWK WKH 5HSRZHU 0 GHVLJQZLWK P URWRU GLDPHWHU IRU H[DPSOH
+RZHYHUWKHODWHVWGHVLJQVRI9HVWDVDQG6LHPHQVSHUKDSVDFNQRZOHGJLQJWKDWRIIVKRUHHOHFWULFDOFRVWV
DUHDPXFKKLJKHUSURSRUWLRQRIWRWDOOLIHFRVWVWKDQRQODQGKDYHPRYHGWRZDUGVUHGXFHGSRZHUGHQVLW\
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UHVSHFWLYHO\ 7KLV VWXG\DGRSWVDSRZHUGHQVLW\RI:PRQZKLFKEDVLV D UHIHUHQFH0:ZLQG
WXUELQH LV GHYHORSHG ZLWK D URWRU GLDPHWHU RI  P  &RVW IUDFWLRQV GHILQLQJ WKH UHODWLYH FRVWV RI
FRPSRQHQWVLQWHUPVRIOLIHWLPHFRVWVDUHHVWLPDWHGXVLQJGDWDIURP-DPLHVRQ>@:LQGWXUELQHSULFHV
KDYHUHGXFHGLQDQGDURXQGQXPEHURI¼N:KDVEHHQXVHGKHUHDVDEDVLVIRUWKHH[ZRUNV
FDSLWDOFRVWRI WKHZLQG WXUELQHV\VWHPDORQH 7KHDQDO\VLVSUHVHQWHG LVDOODERXW WHFKQLFDOGLIIHUHQFHV
DIIHFWLQJUHODWLYHFRVWFRPSDULVRQVEHWZHHQGLIIHUHQWV\VWHPVDQGGRHVQRWGHSHQGRQDQ\DEVROXWHFRVW
GDWD
)LUVW WKH 0: UHIHUHQFH ZLQG WXUELQH LV XSVFDOHG WR 0: HVVHQWLDOO\ ZLWK VLPLODULW\  6WXGLHV
ZLWKLQWKH83:,1'SURMHFW>@VXJJHVWWKDWLWZLOOEHGLIILFXOWWREHWWHUWKLVDQGUDWKHUDFKDOOHQJHQRWWR
GRZRUVH,IDQ\LPSURYHGWHFKQRORJ\FDQEHQHILWWKH0:GHVLJQWKHQLWZRXOGXVXDOO\EHDSSOLFDEOH





7KH DHURG\QDPLF SHUIRUPDQFH RI D JURXS RI FORVHO\ VSDFHG URWRUV PD\ EH TXHVWLRQHG  ,Q 
6PXOGHUV >@ FRQGXFWHG ZLQG WXQQHO WHVWV RQ D SDLU RI URWRUV ILQGLQJ QR DGYHUVH HIIHFW RQ SRZHU
SHUIRUPDQFHDWDODWHUDOVSDFLQJDVFORVHDVRIGLDPHWHU0XFKPRUHUHFHQWO\>@ZLQGWXQQHOWHVWVRQ









RI OLIHWLPHFRVW DQG WKDW WKH LQLWLDO FDSLWDO FRVW LV VSOLWDQGEHWZHHQZLQG WXUELQHFDSLWDO DQG
EDODQFHRI SODQW  ,Q HVWLPDWLQJ WKH FRVWV DVVRFLDWHGZLWK WKH 0:PXOWL URWRU V\VWHPEDVLF VFDOLQJ
ZLWKVLPLODULW\LVDSSOLHGZLWKURWRUVIRUH[DPSOHVFDOLQJFXELFDOO\DQGKHQFHUHGXFLQJLQFRVWDV ଵξ௡Ǥ
7KH WRWDO ZHLJKW LVPXFK OHVV DQG WKH DJJUHJDWH DHURG\QDPLF ORDGV DUH OHVV >@ IRU WKHPXOWL URWRU
V\VWHP WKDQ IRU WKH VLQJOH URWRU V\VWHP  1HYHUWKHOHVV WKH FRVW RI WKH VWXE WRZHU DQG ODWWLFH VWUXFWXUH




7KLV DQDO\VLV QHFHVVDULO\ GRHVQRW GR MXVWLFH WR WKH FRPSDULVRQ WKDWPD\ HYROYHZLWKPRUHGHWDLOHG
HQJLQHHULQJ)RUH[DPSOHWKHUHODWLYHO\VPDOOWXUELQHVRIWKHPXOWLURWRUV\VWHPPD\DGYDQWDJHRXVO\EH
GLUHFW GULYH SHUKDSV ZLWK D VLQJOH FROOHFWLYH SLWFK DFWXDWRU DQG PHFKDQLFDO EUDNH PRXQWHG RII WKH
JHQHUDWRUVWDWRUIRUDVHFRQGSURWHFWLRQV\VWHP
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7DEOH/LIHWLPHFRVWVFRPSDULVRQ
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DGGLWLRQDO EHQHILW LQ XSVFDOLQJ WKH WRWDO FDSDFLW\ RI WKH PXOWLURWRU V\VWHP WR WRWDO SRZHU UDWLQJV IDU
EH\RQG ZKDW PD\ EH SUDFWLFDEOH DQG HFRQRPLF ZLWK VLQJOH URWRUV  $V WKH SULQFLSOH ZRXOG EH WR
VWDQGDUGL]HRQURWRUVL]HDQGVLPSO\LQFUHDVHWKHQXPEHUVRIURWRUVWKHUHFDQWKHQEHVLJQLILFDQWIXUWKHU
FRVWUHGXFWLRQTXDOLW\DQGUHOLDELOLW\HQKDQFHPHQWDULVLQJIURPVWDEOHKLJKYROXPHSURGXFWLRQ
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